Objective The aim of this retrospective study was to identify the significant risk factors that contribute towards postoperative infection in patients recovering from orthognathic surgery. Methods Retrospective records of 522 patients who underwent orthognathic surgery over 9 year period were evaluated for postoperative infection within 3 months of surgery and after 3 months of surgery. The variables of interest included age, gender, habits like smoking and alcohol consumption and incidence of postoperative infection. Results The overall infection rate was 4.60%. Patients who underwent bilateral sagittal split osteotomy to advance the mandible had an infection rate of 10.4%. Statistically significant predictor variables (P \ 0.05) included patients who had the smoking habit, and those that received bone grafts in both the time periods. Conclusion In conclusion, the occurrence of infection after orthognathic surgery is influenced by multiple factors, among which are the type of osteotomy, smoking habit and bone grafting procedures.
Introduction
It is highly desirable in any form of surgery, that the period of postoperative healing be as short and uneventful as possible. A myriad of factors influence this and it is imperative to ensure a smooth and problem free healing period. One of the chief postoperative complications is postoperative infection.
In the field of orthognathic surgery, the risk of infection to the surgical site, especially around the osteosynthesis material is of great concern to the clinician. Various studies report varying rates of postoperative infection in patients treated for dentofacial deformity using semi rigid fixation, and multiple risk factors have been postulated towards contributing to the overall rate of postoperative infection in such patients [1, 2] .
The aim of this retrospective study was to identify the significant risk factors that contribute towards postoperative infection in patients recovering from orthognathic surgery.
Methods
This retrospective study was approved by the institutional scientific review board. The clinical records of patients who underwent single piece osteotomy procedure (Lefort 1, Bilateral Sagittal Split Osteotomy, Anterior Maxillary Osteotomy, Lower Anterior Segmental Osteotomy or genioplasty) over a 9 year period from June 2006 to May 2015 were obtained and reviewed retrospectively. Patients were excluded if they underwent bi-maxillary surgery, had single dose antibiotics, multiple osteotomy cuts, cleft lip and palate patients or comorbid medical problems.
A total of 522 patient records were obtained, out of which 310 were male and 212 were female. Mean age of the patients was 24.21 years (Range between 17 and 38 years). The variables of interest included age, gender, habits like smoking and alcohol consumption, the usage of bone grafts, type of osteotomy, and incidence of postoperative infection. No postoperative drains were utilized for any of the included patients. All patients received a standard postoperative antibiotic regimen for 5 days (Ampicillin and Metronidazole). The incidence of infection for the sample of patients was divided based on occurrence into 2 time periods: within 3 months after surgery (T1) and more than 3 months after surgery (T2). Method of fixation for all patients was with stainless steel miniplates and screws. In our sample, only autogenous bone grafts were used.
Postoperative infection was defined as either mucopurulent drainage from the surgical site or signs and symptoms of infection, which includes tenderness, persistent swelling or redness. Wound dehiscence, granulation tissue formation at site of plating, or the presence of a draining fistula with pus was also considered as an infectious reaction. Surgical sites which exhibited with doubtful diagnosis was usually opened over the surgical incision and sent for microbiological culture and antibiotic sensitivity. Culture negative patients in this regard were grouped as absence of infection.
The associations between the outcome and predictor variables were evaluated using Chi square test. Logistic regression analysis was fitted for the outcome and the results were presented along with Odds ratio. Level of significance was set at P \ 0.05. Statistical calculations were done using Statistical Package for the Social Sciences 17 (SPSS 17.0).
Results
Out of 522 patients, patients who received mandibular advancement via bilateral sagittal split osteotomy reported with an infection rate of 10.4% out of 67 patients. Although genioplasty and inferior repositioning of maxilla by Lefort 1 osteotomy recorded a higher percentage of infection (16.7%), the sample size for those two groups was only 6 and 12 respectively. Table 1 and Fig. 1 provide a summary of infection percentages with regard to osteotomy type.
Out of the various predictor variables of interest, patients who smoked showed a higher percentage of infection. In our case series, 62 patients were smokers. In the first time period, 4.8% of these patients reported with postoperative infection. 16 .1% of them reported with postoperative infection in the second time period (Table 2) .
On further analysis of the results, bone graft placement also showed a statistically significant result with regard to infection. Out of 19 patients who underwent mandibular advancement via bilateral sagittal split along with bone grafting procedure, 3 of the patients reported with postoperative infection. Out of 6 patients who underwent inferior repositioning of the maxilla via Lefort 1 osteotomy, 2 patients reported with postoperative infection. All in all, 7 patients out of 29 who underwent bone grafting procedures had postoperative infection. Table 3 provides a summary of results with relation to bone grafting and osteotomy type.
On using a logistic regression model taking into consideration the two different time periods, a statistically significant analysis was obtained for smoking and bone grafting in both time periods (Table 4 ). Figure 2 depicts the incidence of infection with respect to the various age groups of patients in this series. Patients beyond the age of 35 had an increased percentage of infection. However the predictor variable age was not statistically significant in our sample of patients.
Discussion
In this study we attempted to evaluate the various risk factors that contribute to the occurrence of postoperative infections in patients who undergo orthognathic surgery. The evaluation period was divided into two: early (T1) and late (T2). This was done to identify risk factors for both periods. Moreover, the majority of patients that require removal of osteosynthesis plates and screws usually report in the later period. As such, different factors might lead to postoperative infection between the two periods. Eight patients (1.5%) had infection within the 3 months of follow up, and 16 patients (3.1%) had infection during the second evaluation period. No patient had infection in both time periods.
The overall rate of infection over the study period was 4.60%, which is lower than the infection rates reported in studies by Kuhlefelt et al. [3] and Spaey et al. [4] ; which stand at 9.1 and 6.8% respectively. There was no use of intraoral drains, which might lead to contamination of the surgical site during their removal [4] . Also in our series we utilised stainless steel instead of titanium miniplates which may have contributed to the overall infection rate [5] . Even the design of the said miniplates might play a role as a risk factor contributing to infection [6] . In our series, patients who underwent an osteotomy that resulted in a wide gap between bone segments, like maxillary or mandibular advancements or inferior repositioning of the maxilla, had an increased incidence of postoperative infection. This can be attributed to the lodgment of foreign bodies like food particles in between the bony segments; which in turn promotes bacterial growth. The increased gap between the bony osteotomy segments also results in increased healing time. This anatomical dead space because of lack of bony contacts between such segments could lead to an increase in infection rates [7] . Also observed was a higher degree of postoperative infection in mandibular procedures, which could be due to the relatively lower blood supply in the mandible compared to the maxilla [8] , as well as the natural gravity pull which results in salivary stasis in the mandible instead of the maxilla [9] .
Smoking was identified as an important risk factor that contributes significantly to the healing of postoperative wound. The cocktail of toxins contained in tobacco smoke cumulatively result in decreased tissue oxygenation and may also have direct effects on the healing process at a cellular level [10] . In this study, tobacco smoking in patients exhibited a strong correlation with postoperative infection. Other studies show that smoking may result in delays in healing of bony fracture sites which could contribute to surgical site infection [11] . Healing of other oral surgical procedures are also adversely affected by smoking [12, 13] . In the first postoperative time period, smoking might have an adverse effect on the initial bony healing responses at the osteotomy sites, leading to an infection over the site of surgery. In the second postoperative period, the adverse effects on smoking, especially when there is hardware complications like screw loosening or biomaterial incompatibility might predispose the patient to developing an infection over the site of plating. Although the study did not report on the oral hygiene status, it is to the investigator's experience that poor maintenance of oral hygiene also contributes to the incidence of postoperative infection. As our records make no mention of this variable, the investigators were unable to shed more light on the subject. Also we observed an increase in infection rate in patients that were placed under intermaxillary fixation which may be due to the difficulty in maintaining oral hygiene. In this series of patients 29 of them underwent bone grafting procedures, all of which were autogenous grafts harvested from the iliac crest. 5 patients reported with postoperative infection during T1 and 2 during T2. However, the small sample size might not give an accurate picture of the rate of infection in patients who receive bone grafting procedures for orthognathic surgery. In this institution, hardware removal was advised only after a minimum of 3 months. One of the main reasons for removal of plates and screws in this sample if a patients was infection [1, 14, 15] . Manor et al. [16] analyzed the risk factors contributing to symptomatic plate removal and concluded that age is a primary risk factor, with gender and material being secondary. We also observed a trend of increased frequency of patients requiring plate removal as the age increased. All patients were treated by removal of hardware and appropriate antibiotic cover, following which the infection resolved spontaneously.
In conclusion, the occurrence of infection following orthognathic surgical procedures is influenced by multiple factors, and cannot be accurately predicted by a single variable. Variables include proper follow up care, abstinence from patient habits like smoking, the proper and correct usage of antibiotics [9, 17] , drill speed, types of plates and screws [18, 19] , and the presence of systemic disease among others. Future studies should aim at assessing correct treatment protocols for patients undergoing orthognathic surgery, and prospective study designs towards identification of risk factors with reference to various osteotomies, along with the evaluation of factors like oral hygiene, habits and hardware type.
